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Introduction: the soft pion couplings g, h and §
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Introduction

@ The couplings h and g parametrize (7(q)B(p')|B§(p)) and (B(p")m(q)|B§(p)) in the Heavy
Meson Chiral Lagrangians

@ They enter the chiral extrapolations of fp, fp; when positive parity states are taken into account
— A =mp: — Epr is usually not > m on the lattice
— the coupling h is large

@ Computation of the scalar B meson decay constant

L JP  state m (MeV) dom. decay

_ 00 B 527958 £0.17
0 (1/2) 1- B* 5325.2+ 04
0t B§ B (s-wave)
+ 0
L(1/2) 1t B} B*r (s-wave)
1t B B*r (s,d-wave)
2t B3 B®x (d-wave)

By

L (3/2)°

1 - = =
J:jqi§ with  j, =S, + L.
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Correlation functions

@ quark-antiquark interpolating operators

— \/ngr(O)B‘(O)— %WO(O)EO(O)

Of; = V2 Z \[ [d(21)Tu(z1)] [mn) (x2)1“b(x2)] - \/% [@(z1)Tu(z1) — d(z1)Td(z1)]

x [ (@2)Tb(22)]
e local (I = 79, 75) and derivative (I" = ;075 Vi, 7: Vi) interpolating operators

@ 4 levels of gaussian smearing

Y2,75

N N 7 [:{ X
Y1, 75
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Lattice setup

Lattice discretization
@ Ny =2 O(a) improved Wilson-Clover Fermions
@ HYP1-2 discretization for the static quark action

Discretization effects

@ 3 lattice spacings a :
(0.048, 0.065, 0.075) < 0.1 fm

Light quark mass chiral extrapolations
o different pion masses in the range [280 MeV, 440 MeV]

= total of 4 ensembles )
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Lattice computation

o Continuum

o | N [ e a—

R B =
0
7 (k)
2 2

N Mps —Mp h

9B;Br = <7T(k)B(p )’BO(p» = \/Wm—jg*f_
0 T * /
(static limit) Bg(p) B(p')

o Lattice: Fermi Golden rule [Phys.Rev. D63 (2001)] (McNeile et al.)

T (B — Br) = (2n)2?p , x = (B}|Bn)

p is the density of final states:

 LPkE,
P= om0
I'(B:— Br) 1 /(L\?
OT =- (E) (aEx) x (ax)? J
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Lattice computation

Cps—px(t) = (0P (O (0)T) = 3 (0|05 |By) 2 (Br|OF™ |0y e 55" e~ Frmlt=t1)

t1
~ (0|00 |Bg) = (Bm|OB™|0) t e F* + excited states
(] .I'=<B§‘BT[’> Azmgs—EBﬂ-
o We assume mps & Eg.=F cLS B6 Es F6 NG
<3t2A2 <1 for tef0- 20]) aA  0.036(4) —0.012(6) 0.026(8) 0.010(3)
24
o Excited states contributions vanish only linearly with time Y2, 75 z, Ty
c?
R(t) = Bi-pr 1) ~ A+t

172
(C3 5 (CE)_5.1)
Y1,75
(vBs (t,t0), Cps—Bx(t) vBx(t, t0))
\/(UB;; (t,t0), Cps—p; (t) vy (t,t0)) X (vBx(t,t0), Cr—pr(t) vBr(t, o))

RGEVP(t’ to) = = A+at

xeﬁ (t) — atRGEVP (t)

GEVP GEVP
_ REYP(t+a) - REEVP@®) J to=t—a
a
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Results: z°%(¢)

Determination of §  Determination of fpx  Conclusion

ES5g

-0.005 |
-0.01 |

-0.015 |

-0.02 I 1

°
-0.025 | o ® ® E = o T
° [ )

-0.03

-0.035 | @

-0.04 M

E5g : a = 0.065 fm, m, = 440 MeV

N6

-0.005

-0.01

-0.015

-0.025

-0.03 ~

N6 : a = 0.048 fm, m, = 340 MeV

CLS B6 E5g F6 N6
ar  —0.0156(4) —0.0241(10) —0.0159(3) —0.0174(6)
h 0.86(4) 0.84(5) 0.86(3) 0.85(4)
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Cross-check : box and cross diagrams

[Phys Lett B556 (2004)] (McNeile et al.) Y1 1
™ (UBTr (t, tO): Cconnected (t) UBﬂ(t7 tO)) 1 2,2
R(t) = =B+ —x*t*+ O(t
)= neltet0), Coia (O vmeltite)) 0+ 20 O
Y2 z2
3 1
Ceonnected (t) = _icbox(t) + §Ccr055(t) : Y1 1
0.1
0.08 b2 T2
0.06 ° B(t) = OR
S ool P : ] @ Previous analysis :ax = —0.0241(10)
0021 ‘.’ ] @ Box+Cross diagrams : axr = —0.0237(8)
Or.',‘&'. g
-0.02
0

s s s s s s — Perfect agreement!
50 100 150 200 250 300 350 400

(t/a)?

E5g : a = 0.065 fm, m, = 440 MeV
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h: Chiral and continuum extrapolations

ﬁ:s.zl$ — small dependence on the lattice spacing
p=53 —@—
1} g55 o | — small dependence on the quark mass

constant : hg = 0.85(3)
linear  : hy = 0.88(4)
HMYPT : ho = 0.86(4)

0.7
ho = 0.86(4)(2) J
0.6 - - : :
0 0.05 0.1 0.15 0.2 0.25 (preliminary)
mﬂ:Z
h = hg

h=ho+ C (m2 — (mP)?)

33A2+3~2+2A~ (.6 €ex’ ex’
h=ho |1= 35—y (i log(mi) — ()P log(m3®)%)) | + C (i — ()

@ [Becirevic et al. (2012)]:  hy = 0.66(10)(6)
o PDG:  Tp; = 267(40) MeV, mp; = 2318(29) MeV = ho = 0.74(16)
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The soft coupling g

MeV
gei = (B3 (0) | ¥ryivstr | B (e, 0)) J A
500 |-
B B g

@ Similar to g but for positive parity states 0 ’
e Static limit of HQET: B} and Bj are degenerate S0 _— R
o S(t) = Py ()i (x) 000 =1/ Ja=172
o Ak(t) = Py ()T en(2) 100f- B*

o] L g

— three-point correlation function: A,, = ¥, (2)v,v5¢1(z)

1 1 R o o
CO(t,t) = Zy e > S (AR(Zt + 1) Ap(F,h + te)ST(Z, t2))

72t
r,y,z lx

7 4 was determined non-perturbatively by the ALPHA Collaboration

[Nucl.Phys. B865 (2012) 397-429]
— two-point correlation functions

e = S sws'e )

0= { S awale )

b,z

Yo=zo+1 Yo=zo+t

@ Local + Derivative interpolating operators (+ gaussian smearing)
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Extraction on the lattice : “summed’ GEVP

@ We solve the Generalized Eigenvalue Problem (GEVP):
CE (un(t, to) = M(t,0)CF (to)vu(t, to)

o Eigenvectors and eigenvalues can be used to construct the summed ratio RSGEVP (¢, t():

(vn(t,to), [K (t,t0)/An(t, to) — K (to, to)] vn(t, to))
(a1, 0, C )it 10)) (w1, 10), €D t0)on 1, 10))

RGP (8, t0) = —0,

with : K;(t,tg) = ZC (t,t1)

“summed GEVP”

L ) [JHEP 1201 (2012) 140]
P
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Local vs Derivative interpolating operator

Jr Local Derivative
0f T=v I= %,%i — Interpolating operators built from covariant
derivatives are beneficial to reduce the contamina-
1" T'=~y I'= 75$i tion from higher excited states
Table: Interpolating operators
0 T 0
derivative —e@— derivative —e—
-0.05 local e~ ] 0.05¢ local e
’
04 f : 0.1} .
¢ A L
0151 o o 4 : s ; s ? 1- 015 o o o e s o ¢ § ; +
® i ° |
02} ° = 02} o
° R, SGEVP j . R, SGEVP
025} . 025}
035 2 4 6 8 10 033 2 4 6 8 10
t/a t/a
E5g : a = 0.065 fm, m, = 440 MeV F6 : a =0.065 fm, m, = 310 MeV
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GEVP : excited states

(vn(t,to), [K (t,t0)/An(t,to) — K (to, to)] vn(t, to))

sGEVP _
Ry, (t,t()) =—0 ) 1/2 @) 1/2
(nt10), C& (to)vn(t:t0)) * (vnltst0), CF (to)un(t,10))

0 T T T 0
n=1 —6—
n=1 —e—
n=2 —6—
-0.05 | 1 -0.05 | n=2 —o—
n=3 —6—
© o n=3 —o—
© ® ® ©
-0.1 k 019
R ¢ ° ® $
@ 0] o) % o
N b R [
L b 0.159(9@@@@@@@%
-02 1 -0.2 |
-0.25 L L L L L L L -0.25 L L L L L
0 1 2 3 4 5 6 7 8 0 2 4 6 8 10
t/a t/a
B6 : ¢ =0.075 fm, m, = 280 MeV N6 : a = 0.048 fm, m, = 340 MeV
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Extrapolation to the physical point

9=9o
(NLO HMxPT)
0 : - - - @ small dependence on the lattice spacing
-0.05 | 1 @ small dependence of the pion mass
oA PY PR N3 o -
b4 o= = g=—0.115(5)
o -0.15
-0.2
pB=5.2 —e—
-025 | B=5.3
pB=5.5 —&—
0.3 :
0 0.05 0.1 0.15 0.2 0.25
mﬂ2
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Extrapolation to the physical point

(NLO HMyPT)

0 : - - - @ small dependence on the lattice spacing
-0.05 | 1 @ small dependence of the pion mass
oAy o) N &
¢ = ¥ g = —0.115(5)
o -0.15 g = —0.119(11)
-0.2
pB=5.2 —e—
-0.25 B=5.3
pB=5.5 —&—
0.3 :
0 0.05 0.1 0.15 0.2 0.25
1“”:2
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Extrapolation to the physical point

9=9o
g =90+ C (m7 — (mg®)?)
~ 2445° 2 h*  m2 g\ 2 2 2
g « (47Tf7r)2mﬂ' Og(mﬂ') + (47Tf71-)2 8A2 + g mﬂ' Og(mﬂ') + mﬂ‘
(NLO HMxPT)
0 : - - - @ small dependence on the lattice spacing
-0.05 | 1 @ small dependence of the pion mass
-0.1 F m
B S ® g = —0.115(5)
o 015 | 1 g = —0.119(11)
o2l 52 o §=—0.111(15)
025 p=5.3 —o—
B=5.5 o
o | § = —0.115(15)(5) J
) 0.05 0.1 0.15 0.2 0.25
my’ (preliminary)
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Method

@ Solve the Generalized Eigenvalue Problem
0(2) (t)’l)n(t, tO) = )\n (t7 tO)C(Z) (t())'l)n (t7 tO)

e Compute fStat(t,tO) and fd\g/(t,to)

B (o) = RY™ (2, t0) x (1™ (¢ t0), OViec(t)) 3 {0Vl B)

5 (1 t0) = RY™ (8, t0) x (07 (t, t0), Csvijoc(t))  (O(a)-improvement)

- (it t/(2a)
R = (ot v o) ()

(Cvioc)i = (Vi(0)Vo(1)) , (Csvioc)i = (Vi(0)6V (1))
@ In the static limit the decay constant is given by:

mBg

s\ —

— ZEQET (1_|_b%}atmq) % ( stat+ Vf )

[ALPHA, 13]  [Blossier, 11]
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JBz : Chiral and continuum extrapolations

a
fezA/mBz/2=a+ By —y™P) + ymve; (a

$=5.3

2 2
y = Mps
’ 82 fiq

fEstat (MeV)

340

320

300

(MeV)

280

260

240

fy(z,mg, @)

220

200

180

0 0.02 0.04 0.06 0.08 0.1

By = 255(28) MeV

(preliminary)
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JBz : Chiral and continuum extrapolations

2 2
a m
* mp* 2 = + — &P + X , = PS
fBz\/mBs/ By —y7®) + mve, p— Y 82 2,
31+ 352 a \?
fBsy/mB: /2 =« [1 —31 5 Ylogy- y*Plogy™P | + B (y — y™P) + ymve,
aB:5.3
£5,°5% (Mev)

340 |

320 |
= 300 }
=
: 280
} 260 |
\[\E 240
“-'m 220

200 |

180 L L L L

0 0.02 0.04 0.06 0.08 0.1
y

fB: = 255(28) MeV
fBS = 252(27) MeV

(preliminary)
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JBz : Chiral and continuum extrapolations

2 2
a m
* mp* 2 = + — &P + X , = PS
fB0 \/ BO/ B (y —y™P) + ymve, 453 Y 87T2fr2>s
31+ 352 a \?
fBsy/mB: /2 =« [1 3 g Ylogy —yTPlogy™| + B (y —y=) + e,
ag=5.3
fEstat (MeV)

340

320
% 300
=
: 280 |
:?i 260
N 240
= f=5.2 —e—
220 F [3:5_3 —

200 B=5.5 —e—

180 . . . .

0 0.02 0.04 0.06 0.08 0.1

A%

To; = 255(28) MeV' ¢, _ 959(27)(3) MeVJ

fBS = 252(27) MeV

(preliminary)
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JBz : Chiral and continuum extrapolations

a
fezA/mBz/2=a+ By —y™P) + ymve; (a

2 2
m
PS
) ) Y

5=5.3 ~ 8n2fZ;
31+ 352 a \?
fBg\/mB;/2 =0 [1 ~1 3 T_ylogy — y™®log yeX"] + By —y=P) + vp, ( )
ag=53
£5°5%° (Mev) ratio
1.7
340
16t B=5.2 —e—
320 | B=5.3 —e—
’é 300 | 15 | p=5.5 —e—
o0 f 14 b
&P 260 | o isl .
Gl B5.2 e 1_2 1
woer B=5.3 —e— I R
200 | p=5.5 —e— ] v
180 : : : : 1 . : : :
0 0.02 0.04 0.06 0.08 0.1 0 0.02 0.04 0.06 0.08 0.1
A4 V
J5; = 255(28) MeV fBy = 252(27)(3) MeV I55 _ 1.36(12) J
fBg = 252(27) MeV e

(preliminary)

(preliminary)
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Conclusion

@ We have computed the soft pion couplings & and g with Ny = 2 dynamical quarks
— Static limit of HQET
— Small dependence on the lattice spacing a € [0.05 — 0.075] fm

— Interpolating operators with covariant derivative are beneficial for three-point correlation
functions

— Our results are (preliminary):
h = 0.86(4)(2)
§=—0.115(15)(5)
@ Scalar B meson decay constant
— Static limit of HQET
IB;

fee = 252(27)(3) MeV | % =1.36(12)
fB
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Systematic errors: h

o Excited states contribution

CBE*Bﬂ(t) - Z Z(O‘OBS ’Xn>33nm <Xm|OB7T‘O>€_E"t1e_Em(t_tl)

nm ti

where 2, = (X, | X). Here, X7 = B, X9 = Br.

If mp: ~ Epr = E, the contribution of an exited state with a non-negligible overlap with OB is:

Z(O](’)BS | X3) w30 <B7T|(’)B7r|0>6_E3tle—E(t—t1)
t1
= (0]O%5 | X3) w30 ( Brr|OPT|0) e B8 3 e(Fam B
t1
0 - 1 (0]O%0|X3) w3 B
= Bo | B (B Br gt 1{0]O70]X3) x32 (Bs—E)ts
HOIOP B BrlO™10) ™ X 4 0B By = 2© ,

~" tl

/

ground state contribution

o Corrections from A = mp; — Epr #0

2 A A2 3
t — ——sinh (5t> gyt +0(AY

A 24
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Mass of the scalar Bj meson

Astat(t t )

eff _ -1 n 5 L0

aAm(a,mz) = Eg(a,my) — Efélt(a,mﬂ) E7(t,to) = a” " log Astat(t 4 a, tg)
Amg (z,my, a) Ay (z,my, a)

450 . . . . 450

400 1 e [d

350 |
300 | : 300 |
250 . . . . 250 . . . .
0 Yonys 0.04 0.06 0.08 0.1 0 Yonys 0.04 0.06 0.08 0.1

Amps = 385(21)stat (30)syst J
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Scalar B meson

B, + BT Bo* BT
1.2 — T T T T T 1.2 ——r————T . 1.2 T T T
11} . - 11} - re o T
: . .
1t : - 1t ] 1t . -
% [
09 | { 1 09 . 09 ﬁ ]
08f ° I 1 08f ‘.. 11 1 08| ° I 1
£dt
o7k . l . 07t ! { . o7} ., l .
0.6 _.’..... 1 0.6 | 1 0.6 | .. ]
.'g....‘!!} .l- loa .- ¥ () %I ."-
05 | Seesesnadi] 05 } s ] 05 F "Il!!i E
04 1 1 1 1 1 1 1 1 04 L L L L L L L 04 1 1 1
0 2 46 81012141618 0 2 4 6 8 10121416 0 5 10 15 20
t
t t
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